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PIGGYBAC TRANSFORMATION SYSTEM 

BACKGROUND OF INVENTION 
Field of the Invention 

This invention relates to a transformation system that 
includes a gene transfer vector containing a modified piggyBac 
transposon (pB) and having the insertion of a marker construct 
containing an enhanced green fluorescent protein gene (EGFP) 
linked to a polyubiquitin promoter gene and a nuclear localizing 
sequence- The invention further relates to a helper vector 
containing a heat shock protein gene and to methods for using this 
system to transform eukaryotic cells as well as transgenic 
organisms produced using the system, especially insect cells and 
insects , respectively . 

Description of the Related Art 

The piggyBac transposable element from the cabbage looper 
moth, Trichoplusia ni (Cary et al.. Virology, Volume 161, 8-17, 
1989) has been shown to be an effective gene-transfer vector in 
the Mediterranean fruit fly, Ceratitis capitata (Handler et al. f 
Proc. Natl. Acad. Sci. USA, Volume 95, 7520-7525, 1998). Use of 
an unmodified transposase helper under piggyBac promoter 
regulation i nd icates that piggyBac retains autonomous function in 
the medfly, since transcriptional regulation was maintained, as 
well as enzymatic activity. This observation was unique since all 
other successful insect germline transformations had been limited 
to dipteran species using vectors isolated from the same or 
another dipteran. The initial transformation of medfly (Loukeris 
et al., Science, Volume 270/ 2002-2005, 1995) used the Minos 
vector from Drosophila hydei (Franz & Savakis, Nucl. Acids Res., 
Volume 19, 6646, 1991), and Aedes aegypti has been transformed 
from Hermes (Jasinskiene et al., Proc. Natl. Acad. Sci. USA, 
Volume 95, 3743-3747, 1998) from Jfusca domestica (Warren et al.. 
Genet. Res. Camb. , Volume 64, 87-97, 1994) and mariner (Coates et 
al., Proc. Natl. Acad. Sci. USA, Volume 95, 3748-3751, 1998) from 
Drosophila xnaxxritiana (Jacobson et al., Proc. Natl. Acad. Sci. 
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USA f Volume 83, 8684-8688, 1986). Drosophlla melanogaster has 
been transformed as well by Hermes (0=Brochta et al.. Insect 
Biochem. Molec. Biol., Volume 26, 739-753, 1996) mariner (Lidholm 
et al.. Genetics, Volume 134, 859-868, 1993), Minos (Franz et al. f 
Proc. Natl. Acad. Sci. USA, Volume 91, 4746-4750, 1994) and by the 
P and hobo transposons originally discovered in its own genome 
(Rubin and Spradling, 1989; Blackraan et al., EMBO J., Volume 8, 
211-217, 1989). Drosophila virilis also has been transformed by 
hobo (Lozovskaya et al., Genetics, Volume 143, 365-374, 1995; 
Gomez & Handler, Insect Mol. Biol., Volume 6, 1-8, 1997) and 
m a rin er (Lohe et al., Genetics, Volume 143, 365-374, 1996). While 
the restriction to dipteran vectors is due in part to the limited 
number of transposon systems available from non-dipteran species, 
phylogenetic limitations on transposon function is not unexpected 
considering the deleterious effects functional transposons may 
have on a host genome. This is, indeed, reflected by the high 
level of regulation placed on transposon movement among species, 
among strains within a host species, and even among cell types 
within an organism (Berg & Howe, Mobile DNA, American Society for 
Microbiology, Washington, D.C. 1989) . 

The ability of piggyBac to function in several dipteran 
species will be supportive of its use in a wider range of insects, 
if not other organisms. Most other vector systems function 
optimally, or have been only tested with their helper transposase 
under haplO promoter regulation. The transposition efficiency of 
most vectors has been also found to be influenced by the amount of 
internal DNA inserted, the position of this DNA within the vector, 
and the amount of subterminal DNA remaining in the vectors. 

The widespread use of piggyBac will be limited by the 
availability of easily detectable and unambiguous transformant 
markers. Most Drosophila transformations, as well as the few 
nondrosophilid transformations reported have depended on 
transformant selection by rescue of a mutant visible phenotype, 
usually eye pigmentation (Ashburner et al.. Insect Mol. Biol., 
Volume 7, 201-213, 1998). Unfortunately, most insect species have 
neither visible mutant strains, nor the cloned DNA for the wild 
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type allele of the mutation, and these species require use of new 
dominant -acting marker genes that confer, preferably, a visible 
phenotype . 

The present invention, discussed below, provides a system 
that includes vectors for transforming eukaryotic cells, derived 
from piggyBac transposons that are different from related art 
vectors. Furthermore, the present invention increases the 
transformation frequency by about eight -fold compared to other 
piggyBac transformation systems. 

Summary of the Invention 

It is therefore an object of the present invention to provide 
a transformation system contains a vector that includes DNA 
derived from a piggyBac transposon element that allows for the 
almost precise excision of at least a second DNA sequence that is 
heterologous and included in the construct and insertion of at 
least said second heterologous DNA sequence into eukaryotic cells 
after introduction of the transformation construct containing said 
first and at least a second DNA into said cell that is then used 
to form a transgenic organism wherein said transgenic organism is 
detectable under ultraviolet light. 

Another object of the present invention is to provide a 
transformation system that includes a vector containing a modified 
piggyBac sequence, a sequence for marker expression linked to a 
polyubiquitin promoter and a nuclear localizing sequence and a 
helper vector including a heat shock protein gene wherein said 
system causes an increase in transformation frequency compared to 
other piggyBac transformation systems. 

A still further object of the present invention is to provide 
a vector containing a modified piggyBac sequence and an enhanced 

green fluorescent protein sequence linked to a polyubiquitin 
promoter and a nuclear localizing sequence. 

A still further object of the present invention is to provide 
a vector that is useful in transforming eukaryotic cells having 
the sequence SEQ ID No 6. 

Another object of the present invention is to provide a 
transgenic organism that is detectable under ultraviolet light. 
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A further object of the present invention is to provide a 
eukaryotic transgenic organism that has been transformed using a 
transformation system that includes vector containing a modified 
piggyBac sequence, an enhanced green fluorescent protein gene 
linked to a polyubiquitin promoter and a nuclear localizing 
sequence, and a helper vector containing a heat shock protein gene 
promoter . 

A still further object of the present invention is to provide 
a transgenic insect that has been transformed using a vector 
having the sequence SEQ ID NO G. 

Further objects and advantages of the present invention will 
become apparent from the following description . 

Brief Description of the Drawings 

Figure 1(a) is a photograph of eye color phenotypes of 
Dm [pBw] transformants . 

Figure 1(b) is a photograph of a w[m] host strain fly (top) 
and orange -eye Dm [pBw, gfp] transformant fly (bottom) under 
brightf ield (left) and DV light (right) . 

Figure 1 (c) is a photograph of a w[m] host strain fly (top) 
and white-eye Dm[pBw, gfp] transformant fly (bottom) under 
brightf ield (left) and UV light (right) . 

Figure 2 (a) is a schematic (not to scale) of the pB[Dmw] 
vector showing the Bglll, Sail, and Nail restriction sites used to 
digest the genomic DNA, and the probes used for hybridization 
(bars) . Above the schematic are distances in kilobases used to 
calculate internal restriction fragment sizes and minimum sizes 
for junction fragments. PiggyBac vector sequences are shaded 
gray, and the mini- white marker gene is white. 

Figure 2 (b) shows an autoradiogram of a Southern DNA 
hybridization analysis of DmtpBw] transformant sublines, and w[m] 

host strain control samples from transformants using the pBASac 
(experiment I) or phsp-pBac (experiment II) helpers using Bglll 
digestion and Sph/Hpa piggyBac as probe. DNA size markers are 
shown to the left of the autoradiogram. M (male) and F (female) 
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designations refer to GO lines, with the numbers below referring 
to their respective Gl sublines. 

Figure 2(c) shows a Southern DNA hybridization analysis of 
DmtpBw] transformant sublines and w[m] host strain control samples 

from transformants, using the pBASac (experiment I) or phsp-pBac 
(experiment II) helpers, vising Sail digestion and Hpa/Ase piggyBac 
as probe. DNA size markers are shown to the left of the 
autoradiogram. M (male) and F (female) designations refer to GO 
lines, with the numbers below referring to their respective Gl 
sublines . 

Figure 2 (d) shows a Southern DNA hybridization analysis of 
Dm [pBw] transformant sublines and w[m] host strain control samples 

from transformants, using the pBASac (experiment I) or phsp-pBac 
(experiment II) helpers, using Nsil digestion and Nsi/Hpa + 
Hpa/Nai probes. DNA size markers are shown to the left of the 
autoradiogram. M (male) and F (female) designations refer to GO 
lines, with the numbers below referring to their respective Gl 
sublines • 

Figure 3(a) is a schematic (not to scale) of the pB[Dmw, 
FUbnlsEGFP] vector showing the Bglll, Xhol, and PstI restriction 
sites used to digest the genomic DNA, and the probes used for 
hybridization (bars) . The Sph/Hpa piggyBac as probe contains 0.67 
kb of vector sequence {Sphl to Bgrlll) with Bglll to Hpal piggyBac 
sequence deleted from the vector. Above the schematic are 
distances in kilobases used to calculate internal restriciton 
fragment sizes and minimum sizes for junction fragments. PiggyBac 

vector sequences are shaded gray, the mini-wfcite marker gene is 
white, and the EGFP marker gene is hatched. 

Figure 3 (b) is an autoradiogram of a Southern DNA 
hybridization analysis of Dzn[pBw, gfp] transformant sublines, and 
wild type (wt) and w[m] host strain control samples using Bglll 
digestion and Sph/Hpa piggyBac as probe. DNA size markers are 
shown to the left of the autoradiogram. M (male) and F (female) 
designations refer to GO lines with selected Gl transformant 
progeny of samples. 
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Figure 3 (c) is an autoradiogram of a Southern DNA 
hybridization analysis of Din[pBw, gfp] transformant sublines, and 
wild type (wt) and w[m] host strain control samples using Xhol 
digestion and Hpa/Ase piggyBac fragment as probe. DNA size 
markers are shown to the left of the autoradiogram. M and F 
designations refer to GO lines with selected Gl transformant 
progeny of samples. 

Figure 3 (d) is an autoradiogram of a Southern DNA 
hybridization analysis of Dm[pBw, gfp] transformant sublines, and 
wild type (wt) and w[m] host strain control samples using Ps tl 
digestion and Hpa/Ase piggBac fragment + EGFP DNA as probe. DNA 
size markers are shown to the left of the autoradiogram. M and F 
designations refer to GO lines with specific Gl line numbers are 
given below, with the designation (+) for those expressing visible 
eye pigmentation and (-) for those having non-pigment ed white 
eyes. 

Figures 4 (a) and (b) show inverse PCR strategy to isolate 
the pB[Dmw] vector insertion site in transformant sublines. 
Figure 4 (a) is a schematic (not to scale) of the vector insertion 
in the host plasmid showing the approximate location of the 
restriction sites and primers used for PCR. Forward (F) and 
reverse (R) primers are numbered according to their nucleotide 
position in piggyBac. The piggyBac sequence is shown in gray 
surrounded by the TTAA (SEQ ID NO 1) duplicated insertion site, 
the mini -white marker gene is white, and chromosomal sequence is 
hatched. 

Figure 4(b) shows the piggyBac insertion site sequence in 
p3E1.2 (SEQ ID NOs 7 and 8), and the proximal insertion site 
sequences (SEQ ID NOs 9 and 10, 11 and 12, and 13 and 14) for 
three of the transformant sublines. 

Figure 5 shows a circular map of the vector pB [POb-nls-EGFP] 

#257. 

Figures 6a-6f show SEQ ID NO 6 for pB [PUb-nls-EGFP] #257 . 

Figure 7(a) is a photomicrograph showing GFP expression in 
Anastrepha suapensa transformed with piggyfiac/PUb-nls-EGFP at 
embryo stages. Under UV light, transf ormant s exhibit bright green 
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fluorescence, with wild- type non-transformants exhibiting muted 
yellow autofluourescence (digital images taken with Leica MZ-12 
fluorescence microscope and SPOT-1 CCD camera) . 

Figures 7(b) and 7(c) are photomicrographs showing GPP 
expression in Anastrepha suspensa transformed with piggyBac/FUb- 
nls-EGFP at larval stages. 7(b) is a wild- type non-transformant 
and 7c is a transf ormant . Under UV light, transformants exhibit 
bright green fluorescence, with wild- type non-transformants 
exhibiting muted yellow autofluourescence (digital images taken 
with Leica MZ-12 fluorescence microscope and SPOT-1 CCD camera) . 

Figures 7(d) and 7(e) are photomicrographs showing GFP 
expression in Anastrepha suspensa transformed with piggyBac/FUb- 
nls-EGFP at adult stages. 7(d) is a wild-type non-transformant 
and 7(e) is a transf ormant . Under UV light, transformants exhibit 
bright green fluorescence, with wild- type non-transformants 
exhibiting muted yellow autofluourescence (digital images taken 
with Leica MZ-12 fluorescence microscope and SPOT-1 CCD camera) . 

Figures 8 (a) -8(e) are eye color phenotypes of Bactrocera 
dorsalis wild-type (+) and white eye (WE) host strain and the 
BdtpBCcw] transf ormant lines 61,115, and 137. 

Figures 9(a) and 9(b) show medfly, Ceratitus capitata 

transformed with piggyBac/white/EGFP vector (pB [Ccw,pUB-nls-BGFP] ) 

expressing eye color under brightfield (9a) and GFP expression 
under ultraviolet (9b) . 

Figure 10 shows a transgenic insect having three integrations 
observed under ultraviolet light after various times after 
decaptitation. Flies were decapitated at day 0, taped in a 
plastic box placed outdoors in partial sunlight. Digital 
photographs were taken each day at the same exposure and 
magnification . 

Detailed Description of the Invention 

The present invention is an effective transformation system 
for producing transgenic organisms, especially transgenic insects. 
The identification and isolation of an autonomous piggyBac 

transposon e n ables transformation of cells and the production of 
transgenic organisms wherein DNA capable of being expressed in the 
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transformed cell or transgenic organism is excised from a 
transformation construct and inserted into the genome of a cell 
used to produce a transgenic organism (United States Patent 
Application 08/844,274; herein incorporated by reference). The 
term cell for the purposes of this invention includes any cell 
capable of being transformed by the transformation construct of 
the present invention and preferably includes any eukaryotic cell. 

The term organism for the purposes of the present invention 
includes any unicellular or multicellular living entity capable of 
being transformed by the transformation construct of the present 
invention and preferably includes multicellular eukaryotes. More 
preferably, the cell or organism is an insect cell or an insect. 

The present invention utilizes the transposon machinery of 
the TTAA (SEQ ID NO 1) specific transposons to excise and insert a 
targeted functional heterologous DNA sequence into the genome of 
the host cell. The resulting transformed cell or group of cells 
are stable transf ormants that are then used to make a transgenic 
organism, using techniques known to the skilled artisan, that will 
pass the introduced gene to all subsequent progeny. The targeted 
functional heterologous DNA for purposes of this invention is any 
heterologous DNA capable of being expressed in a host cell and/or 
a transgenic organism. 

The transformation system of the present invention includes a 
vector, such as, for example, pB[FUb-nls-EGFP] (Figures 5 and 6), 
that includes a modified piggyBac transposon (pB) , a marker 
construct that includes the enhanced green fluorescent protein 
gene (EGFP) linked to the promoter region of the Drosophila 
melanogaater polyubiquitin (PUb) gene and the nuclear localizing 
sequence (nls) of the SV40 virus. This vector can be used to 
transform and detect transgenic organisms based on expression of 
the green fluorescent protein marker under ultraviolet light. 
After chromosomal integration and inheritance of the vector, 
expression of green fluorescent protein occurs in all cell types, 
is intense, strongly localized to nuclei, and continues to be 
detectable under ultraviolet light even after death of the 
organism. The novel features of this vector includes its 
construction that deletes about 748 bp of internal piggyBac 
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sequence without diminishing its function, and the function of the 
polyubiquitin promoter in a nondrosophilid species* This has 
utility as a broadly based method for the creation and selection 
of transgenic organisms, and as a genetic marker for detecting and 
tracking transgenic insects used in field release programs (Figure 
5) . 

GPP expressivity is critical for nondrosophilid species not 
amenable to mutant -rescue, it also widens the possibility for 
using the dominant expression of GPP as a primary transf ormant 
marker in many Drosophila lines not already carrying the white or 
rosy mutations, or for screens requiring selection in early 
development. Though vectors carrying white and gfp have been 
tested previously, the transformations used only white as the 
transf ormant selection, with GFP assessed secondarily for specific 
spatial or developmental expression (Davis et al., Devel. Biol., 
Volume 170, 726-729, 1995; Wang & Hazelrigg, Nature, Volume 
369,400-403, 1994) . 

The transformation system of the present invention also 
includes a piggyBac transposase helper plasmid, pBASac, having 

its 1 5' terminus deleted as described by Handler et al. (1998, 
supra; herein incorporated by reference) . A new transposase 
helper under heat -shock promoter regulation was created by the 
isolation of the 457 bp Xbal-Xmnl 5' nontranslated sequence from 

the hsp70 gene (Lis et al., Cell, Volume 35, 403-410, 1983, herein 
incorporated by reference) . The heat -shock regulated helper 
increases the transformation frequency by eight-fold in 
Drosophila, indicating that the piggyBac system could be as 

effective as routinely used systems such as P and hobo that have 

been thus far inactive in nondrosophilids (O'Brochta & Atkinson, 
Insect Biochera. Molec. Biol., Volume 26, 739-753, 1996). 

The creation of a transformed cell requires that the vector 
containing the functional heterologous DNA first be physically 
placed within the host cell. Current transformation procedures 
utilize a variety of techniques to introduce DNA into a cell. In 
one form of transformation for vertebrate systems, the DNA is 
microinjected directly into embryos through the use of 
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micropipettes . Alternatively, high velocity biolistics can be 
used to propel small DNA associated particles into the cell. In 
another form, the cell is permeablized by the presence of 
polyethylene glycol, thus allowing DNA to enter the cell through 
diffusion. DNA can also be introduced into a cell by fusing 
protoplasts with other entities that contain DNA. These entities 
include minicells, cells, lysosomes, or other fusible lipid- 
surfaced bodies. Blectroporation is also an accepted method for 
introducing DNA into a cell. In this technique, cells are subject 
to electrical impulses of high field strength that reversibly 
permeabilizes biomembranes , allowing the entry of exogenous DNA 
sequences. One preferred method of introducing the transformation 
system of the present invention into insect embryos, in accordance 
with the present invention, is to microinject fertilized eggs with 
the vectors of the present invention. The DNA sequence flanked by 
the transposon inverted repeats will be inserted into the genome 
of some of the germ cells of the fertilized egg during development 
of the organism. This DNA will then be passed on to all of the 
progeny cells to produce transgenic organisms. The microinjection 
of eggs to produce transgenic animals has been previously 
described and utilized to produce transformed mammals and insects 
(Rubin et al.. Science, Volume 218, 384-393, 1982; Hogan et al.. 
Manipulating the Mouse Embryo: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Plainview, N.Y., 1986; Morgan et al., 
Annu. Rev. Biochem. , Volume 62, 191-217, 1993; Spradling, A.C., 
In: Drosophila: A Practical Approach, ed. D.B. Roberts, Oxford: 
IRL Press, 175-197, 1986; all herein incorporated by reference). 
Accordingly, a method of producing stably transformed insects 
includes the step of microinjecting the transformation constructs 
of the present invention comprising the inverted repeats of a TTAA 
specific transposon and a helper construct into a cell, preferably 
a fertile insect egg. This is followed by incubation in an 
oxygenated and humidified tissue culture chamber at about 22-23° C 
for about 3-6 hours. Injected cells or eggs are then heat shocked 
at about 37°-41° C, about 39°C preferred, for about 1 hour. The 
resulting transformed cells or transgenic organisms have exogenous 
DNA inserted into the genomic DNA at the sequence TTAA. 

Transformed cells and/or transgenic organisms can be selected 
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from untrans formed cells and/or non-transgenic organisms by 
ultraviolet light since the transformation system includes an 
enhanced green fluorescent protein gene that produces an altered 
visible phenotype under ultraviolet light. Using standard 
techniques known to those familiar with the field, techniques such 
as, for example, Southern blotting and polymerase chain reaction, 
DNA can be isolated from transformed cells and/or transgenic 
insects to confirm that the introduced DNA has been inserted. 

Genetic modification of insects with new genetic elements 
provides a means to control populations of agriculturally 
pestiferous or beneficial insects. The ability to control pest 
insects through genetically based sterile insect programs or 
genetically introduced targeted conditional susceptibilities will 
result in significant cost savings to agribusiness. This 
technology can also be used for detection and monitoring of insect 
populations and infestations where piggyBac transgenic insects are 
present in the population. In addition, introduction of genes 
that impart resistance to chemicals (including herbicides, 
pesticides, and insecticides) can improve the efficacy of 
beneficial insects. Each of these applications will result in 
more efficient pest control programs. 

Enhancing the resistance of beneficial insects to pesticides 
will enhance the efficacy of the beneficial insects and may allow 
for the simultaneous use of chemical control and biological 
control of pests. Some of the beneficial insects that would make 
good candidates for such transformations include Hymenopteran 
parasitoids of Heliothis spp. : Micropilitis croceips and 
Cardiochiles nigrlceps; Hymenopteran parasitoid of Diamondback 
moth, Plutella xyloatellai Diadegma insolare; Hymenopteran 
parasitod of the Indianmeal moth, Plodia interpxmctellaz Bracon 
hebitor; and Hemipteran predators: Xylocoria flavipes, Podisus 
macnlatuB. 

The following examples are intended only to further 
illustrate the invention and are not intended to limit the scope 
of the invention as described by the claims. Drosophila 
melanogaeter white strain w[m] , was used in the following examples 
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as a model system for transformation system studies using the 
vectors of the present invent ion • D. melanogaster and 
transformant progeny were maintained at about 23-25° C on standard 
cornraeal -yeast -molasses media. 

EXAMPLE 1 

The plggyBac transposase helper plasmid, pBASac, having its 
5" terminus deleted was described previously (Handler et al., 
1998; supra, herein incorporated by reference) . pBASac was 
created by digestion of p3E1.2 (United States Patent Application 
08/844,274) with Sacl and religation, that deletes the 5' piggyBac 
terminal sequences but maintains the putative piggyBac promoter 
region. A transposase helper under heat -shock promoter regulation 
was created by isolation of the 457 bp Xbal-Xmnl 5' nontranslated 
sequence from the hsp70 gene (Lis et al., 1983 f supra; herein 
incorporated by reference) . The Xbal-Xmnl fragment was blunted 
and ligated into the Sad -blunted site of pBASac to create phsp- 
pBac. This places the hsp70 promoter sequence upstream of the 
putative plggyBac promoter. 

The pB[Dmw] vector was created by insertion of a Drosophila 
melanogaster mini-white gene (Pirrotta et al., EMBO J., Volume 4, 
3501-3508, 1985; herein incorporated by reference) into the 3E1 
piggyBac element within the 6.0 kb p3E1.2 plasmid (Cary et al., 
1989, supra) . The mini- white gene was isolated as a 4.2 kb EcdRl 
fragment, blunted and ligated into the p3E1.2 Hpal site. The 
inserted w gene interrupts the piggyBac open reading frame (ORP) , 
but otherwise leaves the piggyBac element intact, with the 
respective promoters in opposite orientation. A piggyBac vector 
marked with w and gfp was created by initial construction of 
piggyBac marked with an e nh a n ced gfp regulated by D. melanogaster 
polyubiquitin (PUb) promoter (Lee et al., Moi. Cell. Biol., Volume 
8, 4727-4735, 1988; herein incorporated by reference) linked in- 
frame to the SV40 nuclear localizing sequence (nls) (Lanford et 
al., Mol. Cell. Biol., Volume 8, 2722-2729, 1986). The 
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polyubiquitin-nls (PDb-nls) cassette from PUbnlsGFP (Davis et al., 
1995, supra) was isolated as Kpnl-Smal fragment and inserted into 
the Kpnl-Smal cloning site of EGFP-1 (Clontech) (Cormack et al.. 
Gene, Volume 173, 33-38, 1996; Yang et al.. Nucleic Acid Res., 
Volume 24, 4592-4593, 1996). Polyubiquitin-nls -EGFP was then 
isolated as a 4.1 kb Bglll-StuI fragment and ligated into the 
Bglll-Hpal site of piggyBac within p3B1.2 to create 
pB[PUbnlsEGFP] . The Bglll-Hpal digestion results in a 748 bp 
deletion within p3E1.2. The mini-nrhite gene was then inserted 
into the unique Bglll site by blunt-end cloning to create pB[Dmw, 
PDbnlsEGFP] . 

EXAMPLE 2 

Embryo injections used standard procedures (Rubin & 
Spradling, Science, Volume 218, 348-353, 1982; herein incorporated 
by reference) with dechorionation achieved either manually or by 
1.6% hypochlorite solution followed by about 2 washings in 
approximately 0.02% Triton-X 100 in water. Eggs were placed on 
double-stick tape, desiccated in room-air for about 10-15 minutes 
and submerged under Halocarbon 700 oil. Injections followed 
standard Drosophila microinjection procedures (Rubin and 
Spradling, Science, Volume 218, 348-353, 1982; herein incorporated 
by reference) . DNA mixtures had vector : helper concentrations of 
about 600:400 Jig/ml, respectively, in injection buffer 
(approximately 5 mM KC1; approximately O.lmM sodium phosphate; at 
about pH 6.8). Injected eggs were placed in an oxygenated and 
humidified tissue culture chamber at about 22-23°C for about 3-6 
hours, and phsp-pBac injected eggs were heat shocked at about 37°C 
for about one hour. Hatched larvae were collected about 1-2 days 
later and placed on larval diet. Eclosed GO male adults were 
mated either individually to about 2 or 3 w[m] virgin female 
adults, or in groups of about three females to about six males. 
Gl eggs were collected for two weeks and reared under standard 
conditions that include maintaining the eggs at about 23-25° C on 
standard commeal-yeast-molasses media (Ashburner et al., supra). 

Green fluorescent protein (GFP) was observed at all 



- 13 - 



i WO 01/14537 



PCT/US0O/22433 



developmental stages under a Leica MZ-12 stereozoom microscope 
using a mercury lamp and a ultraviolet longpass filter set (HQ 
41012 PITC; Chroma) optimized for red-shifted GPP variants. 
Photographic documentation used an Olympus OM-4 camera and 400 ASA 
Fujichrome film with exposure times that were determined 
empirically. 

In the first of three transformation experiments, the 
piggyBac vector system was tested in D. melanogaster white strain 

using a helper transposase under piggyBac regulation (pBASac) and 
a vector marked solely with D. melanogaster mini- white gene 
(pB [Dmw] ) . A mixture of vector and helper plasmids at 
concentrations of about 600 and about 400 yg/ml, respectively, was 
injected into about 2,650 embryos from that about 418 larvae 
hatched with about 283 emerging as adults. (See Table 1 below) . 
The GO adults were backcrossed to w[m] flies in groups totaling 

about 111. Pour of the GO lines yielded Gl offspring having 
varying levels of eye pigmentation (Figure 1) . One line (F30) was 
sterile, and one line produced only white eye offspring, and 
therefore only two of the putative Dm[pBw] transf ormants were 

verified. One of these (P13) exhibited eye pigmentation only in 
females in several succeeding generations, suggesting that the 
integration caused a sex-linked lethal mutation. Presuming a 
fertility rate of about 50% (fertility rates are typically between 
about 40-60%; see below) , an approximate transformation frequency 
of about 1-3% of fertile GOs was obtained. 

In a second experiment, the pB [Dmw] vector was again tested 

but with a piggyBac transposase helper under D. melanogaster hsplO 
(Lis et al., 1983 supra) promoter regulation (phsp-pBac) . A 
vector /helper mixture, at a concentration of approximately 600/400 
Hg/ml was injected into about 1,940 embryos, of which about 247 
larvae hatched, with about 122 emerging as adults (See Table 1, 
below) . GO adults were initially backcrossed in a total of about 
49 groups to w[m] flies, after which they were individually mated 

to determine fertility. Of the about 98 surviving GO flies, about 
41 yielded offspring resulting in a fertility rate of about 42%. 
Of the 41 fertile GO flies, 11 lines produced offspring having 
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varying levels of eye coloration (Figure 1) yielding a 
transformation frequency of about 26%. The number of Gl offspring 
from the GO lines varied considerably, ranging from 1 Gl in lines 
Mil and Fl, to 102 Gl flies in line M13. 

In a third experiment, the phsp-pBac helper was used, but 
with a piggyBac vector including the enhanced green fluorescent 
protein (gfp) marker gene in addition to the D m melanogaster white 
gene. This allowed the testing of a new gfp marker construct in 
transformants that could be primarily identified by white 
expression. Although expression of wild type GFP under 
polyubiquitin-nuclear localizing sequence regulation had been 
tested previously in D. melanogaster P transformants (Davis et 
al., 1995, supra), the vector of the present invention improves 
expression of GFP by using an enhanced GFP (EGFP-1) having a 
double mutation causing a reported increase in expression of up to 
about 35-fold (Cormack et al., 1996, supra; Yang et al., 1996, 
supra) . The variant form is also optimized for mammalian codon 
usage and polyadenylation, and preliminary tests of the marker 
construct indicated transient GFP expression in both Drosophila 
embryos and dipt e ran and lepidopteran cell lines (A.M. Handler and 
R.A. Harrell, unpublished). The vector construct, pB[Dmw, 
PUbnlsEGFP] , also allowed evaluation of piggyBac transformation 
with about a 10.0 kb vector, approximately 3.4 kb larger than 
previous vectors tested, and having about 748 bp of piggyBac DNA 

deleted (previous vectors retained all piggyBac DNA) . As before, 
a mixture of about 600 ^ig/ml vector and about 400 ng/ral helper was 
injected into about 2147 embryos, of which about 412 larvae 
hatched, and about 218 emerged as adults (Table 1 below) . GO 
adults were backcrossed to w[m] flies in a total of about 90 
mating groups, of which about 79 yielded offspring. Although 
white* gene expression (eye pigmentation) was depended upon as the 
primary marker, Gl larvae and pupae were examined under UV for 
visible GFP expression, and seven of the GO lines yielded 
fluorescent Gl larvae and pupae. Interestingly, as shown below in 
Table 2, upon adult emergence only six of the seven GO lines 
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yielded Gl offspring with observable eye color pigmentation. 
While about 70 Gl offspring in total exhibited observable green 
fluorescence, only about 27 of these flies exhibited a level of 
eye pigmentation that would have allowed their selection under 
normal screening procedures. In contrast, all of the Gl flies 
with eye color pigmentation expressed GFP. Figure lb shows a 
Dm [pBur, egrfp] transformant having an orange eye color and GFP 
fluorescence, with no fluorescence observed in the w[m] host. 
Figure lc shows another transformant having a white eye phenotype 
indistinguishable from that in the w[m] host strain, but 
exhibiting an equal, if not greater level of GFP fluorescence 
compared to the orange eye transformant. Notably , fluorescence is 
quenched in the eye of the pigmented transformant , while it is 
easily visible in the white eye transformant. High magnification 
examination revealed a few pigmented ommatidia in some white eye 
Gl flies expressing GFP, though these would not have been normally 
detected. Based on selection by GFP expression and presuming 
about 50% fertility, an approximate transformation frequency of 
about 6-7% of fertile GO flies is deduced. 

An assessment of vector activity based on germline 
transformation frequency is a factor of both transposon mobility 
in the host embryo and levels of genomic position effect 
suppression of the marker gene, or stated more simply, the ability 
to visibly identify putative transf ormants . While position effect 
variegation and suppression of white expression in transf ormants 
is well established (Hazelrigg et al. # Cell, Volume 64 , 1083-1092, 
1984; Pirotta et al., 1985, supra), the effect of complete marker 

suppression on transformation frequencies has not been assessed 
since such transf ormants have been only detected fortuitously 
after molecular analysis. The experiment using both the white and 

GFP markers proved the importance of position effects on marker 
expression convincingly, since GFP was readily detectable in 70 Gl 
flies, yet eye pigmentation was apparent in less than 40% of 
these. Under typical screening procedures these flies would not 
have been scored as transf ormants, though pigmentation in a few 
ommatidia in some flies could be detected at high magnification, 
and for a few lines, pigmentation was more apparent in subsequent 
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generations. It is likely that expression of the white marker 
would have been improved by heat shock regulation, but 
nonetheless, GPP was easily detected in all the non-pigmented 
trans formants, and strongly expressed in some. The influence of 
modifier genes on position effect variegation is complex, and 
target genes (or their promoters) are not equivalently affected 
(Bhadra et al.. Genetics, Volume 150, 251-263, 1998). The 
polyubiquitin-gfp gene may be a target of position effect 
modifiers, but it is clearly less susceptible to suppression 
relative to white in terms of its expressed phenotype in the same 
chromosomal context. The data suggests that GPP is a more 
reliable visible marker than white, that portends well for its use 
as a general marker in other insects. 



TABLE 1. Transformation Experiments. 



Expt 


vector/ 
helper 


eggs 
injected 


GOs 
mated 


% 

fertility 


No. 
GO 
lines 


No. 

Gl 

lines 


transfonnant 
frequency 


I 


pB[Dmw]/pBASac 


2,650 


283 


nd 


4 


11 


0.01-0.03* 


n 


pB [Dmw]/phsp-pBac 


1,940 


122 


42 


11 


266 


0.26 


m 


pB[Dmw, 

PUbnkEGFP]/phsp- 
pBac 


2,147 


218 


nd 


7 


70 


0.06-0.07* 
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TABLE 2. Gl white* and GPR marker expression in Dm [pBw, gfp] 



transformants . 



GO line 


No. Gl 


GPP 


white* 


Frequency 
white* 


M4 


4 


4 


3 


0.75 


M9 


21 


21 


2 


0.10 


M12 


3 


3 


1 


0.33 


M23 


15 


15 


14 


0.93 


M45 


5 


5 


0 


0 


M47 


21 


21 


6 


0.29 


F10 


1 


1 


1 


1.00 


Total 


70 


70 


27 


0.39 



EXAMPLE III 

Southern hybridization was performed to verify genomic 
transposition of the piggyBac vectors. Approximately 5-10 fig of 
genomic DNA was digested with indicated restriction enzymes and 
separated on about 0.8% agarose gels. DNA was stained with 
ethidium bromide , blotted to nylon filters and immobilized by 
ultraviolet irradiation. Hybridization probes were labeled with 
[ 32 P] -dCTP by random priming (Gibco BRI*) according to the 
manufacturer^ specifications. Probe DNA was generated from 
indicated piggyBac restriction fragments (see below) that were 

separated from p3E1.2, or the entire egfp gene from pEGFP-l 
(Clontech) by agarose electrophoresis and gel-elution. 
Hybridizations were performed in phosphate buffer, approximately 
pH 7.5; about 1% BSA; about 7% SDS at about 65°C with an initial 
wash in about 2X SSC; about 0.2% SDS at about room temperature and 
about two washes in about IX SSC; about 0.1% SDS at about 55°C for 
approximately 30 minutes. Autoradiography was performed by 
exposure of Kodak X-Omat film at about -90° C. 

Genomic transposition of the piggyBac vectors was verified by 

Southern DNA hybridization. The basic strategy was to perform 
hybridizations to the 5" vector arm using the piggyBac Sphl-Hpal 

or Nsil-Hpal fragment as probe, and the 3' vector arm using the 

ffpal-Asel or Hpal-Nsil fragment as probe. Using probes to both 
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vector arms, internal fragments spanning most of the vector were 
detected. Hybridizations to the vector arms and adjacent 
chromosomal sequence indicate their presence in non-plasmid DNA 
and indicate the number of integrations, while internal 
hybridizations that yield known fragment sizes confirm vector 
integrity. 

For pB[Dmw] transf ormants , genomic DNA was initially digested 
with Bgrlll and hybridized to the labeled Sph-Hpa piggyBac 

fragment, that detects both vector arms resulting in two bands for 
each integration (Figure 2A) . Bach intact vector integration 
should result in one band greater than about 0.67 kb for the 5' 
arm, and one band greater than about 5.9 kb for the 3» arm. Since 
varying eye color phenotypes among Gl sublines was observed, and 
in some cases within Gl sublines, sublines having light orange, 
dark orange, or red eye coloration from the same Gl sublines were 
selected for hybridization analysis. For example, flies having 
differing phenotypes from lines M13-39, M19-90, and M19-91 were 
hybridized separately, but no difference in the number or sites of 
insertion were apparent. Of all the lines tested, all had single 
integrations except for two lines having two integrations (M13-39 
and M19-91) and one line having three integrations (F14-63) . All 
the lines with multiple integrations had dark orange or red eye 
color, though several lines with a single integration also shared 
these phenotypes. Hybridization patterns for the lines tested 
indicated that for most of the GO lines, different integrations 
were transmitted to many of the Gl sibling offspring. For 
example, the three Gl sublines tested from both the M3 and M5 GO 
lines all show different patterns indicating at least three 
independent integrations occurring in the two GO germlines. 

Genomic DNA digested with Sail and hybridized to Jfpal-Asel 
probe yielded single bands greater than about 3.0 kb for each 
integration, and the number of integrations determined were 
consistent with the Sphl-Jipal hybridizations (Figure 2B) . For all 
samples, Neil digestion and hybridization to Nai-Hpal and ffpal- 
Nsil probe yielded only about 1.5 kb and about 4.6 kb bands 
accounting for about 6.1 kb of the about 6.6 kb vector, indicating 
the same generally high level of vector integrity for all 
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integrations tested. 

Gl sublines from six GO lines transformed with the pB [Dmw, 
PDbnlsBGFP] vector were digested with either Bglll and probed with 
Sphl-Hpal piggyBcLC DNA for 5' vector arm analysis, or digested 
with Xhol and probed with HpaX-Aeel piggyBac DNA for 3' arm 
analysis (Figure 3A and 3B) . Both hybridizations yielded one band 
for each sample, indicating single integrations having occurred in 
each line. Nail restriction digests with tfsil-Hpal and Hpal-Nsil 
hybridizations yielded about 0.7 kb and about 0.8 kb bands 
indicating vector integrity for each integration (data not shown) . 

Two GO lines, M9 and M47, yielded a high proportion of Gl 
flies expressing only GFP and white eyes, and line M45 that 
yielded only white eye transf ormants . These lines were analyzed 
by Ps tl digestion and hybridization to EGFP and Hpa-Ase. All 

lines shared the about 4.4 kb internal vector fragment, with an 
additional junction fragment from the 3* vector arm and adjacent 
insertion site chromosomal DNA. The M9 white eye lines all shared 
the same integration indicated by an about 0.9 kb junction 
fragment, and similarly the M47 white eye lines all shared the 
same 5.0 kb junction fragment. The pigmented lines M9-2 and M9-3 
had different integrations from each other, and from their white 
eye sibling lines, and the pigmented lines M47-9 and M47-10 shared 
the same integration based on an about 4.0 kb junction fragment, 
but which differs from their white eye siblings. These 
hybridizations, and that for M45-1, proves that the white eye 
flies were transformed, and that white expression was likely 
influenced by differing insertion sites from their pigmented 
sibling lines. 

EXAMPLE IV 

To verify that piggyBac-mediated chromosomal transpositions 

had occurred, insertion sites were isolated by inverse PCR from 
sublines Fl-2, M17-4 and M31-6, all having single integrations. 
Inverse PCR was performed as described previously (Handler et al. , 
1998, supra; herein incorporated by reference) using ifaelll 

digestions for 5' and 3' junctions and Mspl digestion for 3 r 
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junctions. After about 4 hours digestion, restriction fragments 
were circularized by ligation at about 16° C for about 16 hours. 
PCR was preformed on the circularized fragments by using primer 
sequences in opposite orientation within the piggyBac restriction 

site and terminus for each junction. For the 5' junction, the 
forward primer (572F) 5 • -TCTTGACCTTGCCACZAGAGG- 3 ■ (SEQ ID NO 2) and 
reverse primer (154R) 5 1 -TGACACITACCXKATTGACA-3 1 (SEQ ID NO 3) 
were used. For the 3' junction the reverse primer (2118R) 5'- 
CTCAGTCCAGAAACAACTTTGGC-3 1 (SEQ ID NO 4) and the forward primer 
(2385F) 5 ' -CCTCGATATACAGACCGATAAAAACACATG-3 • (SEQ ID NO 5) were 
used. PCR products were separated in low-melting- temperature 
agarose, and fragments were selected that were longer than the 
respective restriction site terminus distances and different from 
those expected from the p3E1.2 based vector and helper plasmids. 
These products were directly subcloned into ddT vectors 
(Invitrogen) , that were sequenced by using primers to vector 
sequence proximal to the respective termini. Subcloned PCR 
products were sequenced and analyzed by alignment using GeneWorks 
2.5 software (Oxford Molecular Group) and subjected to BLAST 
analysis (Altshul et al., J. Mol. Biol., Volume 215, 403-410, 
1990; herein incorporated by reference) to identify genomic 
insertion site sequences and distinguish them from those in the 
injected plasmids. For all the integrations both the 5' and 3' 
junctions yielded the piggyBac inverted terminal repeat sequences 

immediately adjacent to a TTAA sequence (SEQ ID NO 1) and proximal 
insertion site DNA (Figure 4) . The TTAA (SEQ ID NO 1) duplicated 
target site is characteristic of all piggyBac integrations (Elick 

et al., Genetica, Volume 97, 127-139, 1995) and typically 
indicates a vector -mediated transposition. The BLAST analysis 
revealed that the M17-4 integration occurred in a TTAA site within 
the cubitus interruptus-Dominant gene located on chromosome 4 at 

nucleotide 12,898 (GenBank submission U66884; Ahmed & Podemski, 
Gene, Volume 197, 367-373, 1997), and the M3106 integration was 
found to have occurred in a TTAA site within a previously 
sequenced region of the distal X chromosome (GenBank submission 
AL09193; Murphy et al, direct submission) . Determination of 
insertions in these previously sequenced sites gives the first 
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direct proof that a piggyBac vector does indeed insert into and 

duplicates TTAA (SBQ ID NO 1) insertion sites in a eukaryotic 
genome . 

Two of the three insertion sites that were sequenced were 
found to be in previously sequenced genomic loci, and as expected, 
the insertions sites were all TTAA (SBQ ID NO 1) with one of them 
within the ci D allele on the fourth chromosome. Many transposons 

have insertion site preferences, and for at least some, a clear 
negative bias against specific sites or loci. This has been 
clearly demonstrated by genomic hotspots and coldspots for P 
integration in D. melanogaster (See Engels, In: Mobile DNA, D.E. 
Berg and M.M. Howe, eds., American Society of Microbiology, 
Washington, D.C., 439-484, 1989), and by differences in 
preferential integration sites between hobo and P (Smith et al., 
Genetics, Volume 135, 1063-1076, 1993). If the TTAA (SBQ ID NO 1) 
specificity for piggyBac integration is not further influenced by 
proximal sequences, then piggyBac transpositions may find use in 
transposon-mutagenesis and enhancer traps for loci refractory ot P 
or hobo transpositions in Drosophila. 

Example V 

The Caribbean fruit fly, Anastrepha suspensa, was transformed 

with a piggyBac vector marked solely with PUb-nls-GFP (pB [PUb-nsl- 

EGFP] ) (Figures 5 and 6) using the hsp70 -piggyBac (phsp-pBac) 

helper. From injected embryos, 561 surviving GO adults were 
intermated in 60 small groups. Four of the GO groups yielded a 
total of 57 Gl offspring exhibiting green fluorescence at all 
stages of developement (See Figure 7) and chromosomal vector 
integrations were verified by Southern hybridization for each GO 
group. To test GFP as a genetic marker for field released 
transgenic flies, the perdurance of GFP expression was assayed in 
transgenic flies killed by decapitation. Two to three day old A. 

suspensa adults transformed with pB [FOb-nls-EGFP] , and wild type 

non-transformed adults, were decapitated and placed within a 
plastic box kept outdoors in partial shade. GFP fluorescence was 
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observed daily by digital images taken with a SPOT-1 cooled CCD 
digital camera (Diagnostic Instruments, Inc.) through a Leica MZ- 
12 stereozoora microscope. All images were taken at the same 
magnification and exposure parameters. Figure 10 shows that while 
GFP fluorescence decreases with time after death, unambiguous 
detection of GFP is still possible at 28 days after decapitation, 
with no fluorescence detectable in wild flies. This indicates 
that the PUb-nls-EGFP marker should be a reliable visible 
detection system for released transgenic insects, and especially 
for those captured and killed in field traps with monitoring 
occurring after extended time periods. 

Example VI 

A piggyBac vector marked with the Mediterranean fruit fly 

(Ceratitis capitata) white gene cDNA (pB [Ccw] ) and the phsp-pBac 

helper was used to transform the oriental fruit fly (Bactrocera 

dorsalis) . Injected GO embryos from the B. dorsalis white eye 

mutant strain yielded 102 fertile adults, that upon individual 
backcrossing, yielded three lines of putative transformants with 
pigmented eyes (Figures 8a-8e) . One of these lines produced 119 
Gl transformants. Southern DNA hybridization analysis with 
piggyBac and white gene probe verified chromosomal integration of 

the piggyBac-white vector in all three lines. In a separate 

experiment, the white/ PUb-nls-EGFP marker within pBtCcw, FUb-nls- 

EGFP] was introduced into a single B. dorsalis trans fonnant line 

from 17 GO matings. As in Drosophila, the transfonnant was 
selected solely by GFP expression, having undetectable eye 
coloration. This reaffirms the notion that the polyubiqui t in - EGFP 
marker is significantly more reliable than white gene markers. 

Example VII 

The PUb-nls-EGFP marker was introduced into the medfly, 
Ceratitis capitata, to further test GFP as a transgenic selection, 

and to create GFP-marked strains for testing as a field release 
marker in medfly SIT. First a piggyBac vector marked with PUb- 
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nls-GFP and the medfly white gene <pB[Ccw, PUb-nls-EGFP] ) was 
tested, and then the vector solely marked with Pub-nls-GFP pB [POb- 
nls-EGFP]) was tested. Both experiments used the hsp70-piggyBac 
(phsp-pBAC) helper. Based on GFP fluorescence, the first 
experiment yielded five trans formant lines from 99 fertile GOs 
(See Figure 9) , while the second experiment yielded three 
transformed lines from 17 fertile GOs . Transformation was 
verified by Southern hybridization analysis. The foregoing 

detailed description is for the purpose of illustration. Such 
detail is solely for that purpose and those skilled in the art can 
make variations without departing from the spirit and scope of the 
invention. 
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We claim: 

1. A transformation system comprising a vector containing a 
nucleotide sequence from a piggyBac transposon in which is 
inserted an enhanced green fluorescent protein gene linked to a 
promoter region of a polyubiquitin gene and a nuclear localizing 
sequence of an SV40 virus . 

2. A transformation system of claim 1 further comprising a 
piggyBac transposase helper plasmid under heat-shock promoter 
regulation . 

3 . The transformation system of claim 1 wherein said 
polyubiquitin gene is from Drosophila melanogaster. 

4. The transformation system of claim 2 wherein said 
polyubiquitin gene is from Drosophila melanogaster. 

5. The transformation system of claim 1 wherein said piggyBac 

transposon is modified by deleting about 748 bp of internal 
piggyBac sequence. 

6. A vector having SEQ ID NO 6 . 

7 . A transgenic organism transformed using the transformation 
system of claim 3 wherein in said organism is detectable under 
ultraviolet light. 

8. A transgenic insect transformed using the transformation 
system of claim 3 wherein said insect is detectable under 
ultraviolet light. 

9. The transgenic insect of claim 8 that continues to be 
detectable under ultraviolet light after death. 
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FIG. la 




FIG. lb 



FIG. lc 
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MAftTOsrrr ctiagagsic AGsroocAcr Trrooom mgiqcgogs 100 

AAOQuuimx '1U1TIMT1T TCTAAMACA TEC2^MlBKIG TMDCOGCICA 150 

I^^CaCAMA AQCCTG&IAA. ATOUi'lCAM? AA3AIIGAAA A2GGAAGSGT 200 

AIGAGiaTIC AACMTICm 'lUllUUULT T ATTOOCTriT TTOCQGCfflT 250 

TiQocnocT Grnnacic aoccagaaac gchggigaaa goaaaagaig 300 

ctgaagkica uriuumuiA o gbge gbs t t acaroaACT u^mciCAAC 350 

AQCG3IAAGA TCCTTGAGAG Tn'lUUUU OC GAftGAAQSIT TTOCaKTOKT 400 

GftQeacrrrr aaagitctgc tatoiggosc (j l matiaiuc asi&nGaos 450 

QJgGocAAGa. ocaAcrogsr amraaac actmtcica gakdgachg 500 

ViiuufiGIACr GAOCAG3EAC AGAAAAGCAT CnAGGGKIG GCMlUACAGr 550 

AAGAGAATIA 'lUCftmUUTS OCA3AAOCAT GAGIGATAAC ACTGGGGfTA 600 

ACTDVCTICT GACAAGGATC GGAGGAOGGA AGGAGCTAAC (JULMTI'ITIU 650 

CftCRZOaGG GGGMDCMCGT AACIGQCCIT GMUL?11GGG AAQCQGAQCT 700 

GAAIGAAQCC A3AOCAAAOG AOGAQOGIGA CAOCAOGATC GCTGTAGCAA 750 

togcaacaac givlulujara ceatiracts QOGRACiaCT taciciagct 800 

tcx3oggcrac AraraaaaGa. ctggmiqgbg goqgmaarg ttocaggaoc 850 

A2TICIQCGC I LULUUL Tfl C OJUL U UGCIG G1T1AT1ULT G8SBAKOS 900 

GfiGOOGGIGA GLU 1 UUU1UT OGOOGTATCA TIQCTQCACT QQQQCCAGAT 950 

QSE^ftQaXT aXGEATOST AGTIMCIAC AGGACQQOGA GKAGGCAAC 1000 

TAlDGGKDGAA GGAAATAGAC AGATOGCIGA GA3AGGIGCC TCACIGA3TA 1050 

AQC3^l'lliJjA AL'IUICAGAC CAAGrnACT CAOAaAIACT TIAGATIGAT 1100 

TIAAAACTTC ATnnAATT TAAAAGGATC UOSIGAM3A TOCTTTTIGA 1150 

TAA3CKATC ACCAAAATOC CTIAAGGIGA GiTI'lUiLlC CAGTGAGCGT 1200 

CAGftOOOOGEP AGAAAAGATC AAAGGATCTT CnGAGATOC TTTTmCSS 1250 

OS03IAATCT UL'lULTIULA AACAAAAAAA OCAO0GC7IAC C2GC333IGGT 1300 

TIG l ' I'lUUULt GATCAAGAGC TACCAACICT T1T1UUGAAG GIAAC1UJLT 1350 

TCAQCAGAGC GCAGA3AOCA AA3ACXGXOC TICI2GIGIA GGCGIAGriA 1400 

QQDCAaACT TCAAGAACIC TGIAGCAOCG OOACAmr 'JLUUL'IUIUCT 1450 

AAIOjiUl'iA 03GIQGCIG C1GLUA3IG3 CGMAftGDCB TCICTIACDG 1500 

Q3TIQGSCIC ASGACGATAG TIAOCGGMA A330QC2GCG GI03Q3CT3V 1550 

^QGQQQGGIT GGTGCACACA GCXXAQCTD3 GAQGGAAOGA. (XHACAOCGA 1600 

SCIQAGKIAC C3ACAG03IG AGCAIIGAGA AAG0Q0CAOG CTIOOGGAAG 1650 

QGAGAAAGGC G3ACAG3TAT QCGQI A RGCG GCAGGGTOGG AACAGGAGAG 1700 

OGCftGGAGQG AGCTIGCAGG GGGAAAOQOC TGG3ATCTIT AOAGICCIGT 1750 

Q03C3rnO3C (S CC'ICLGA C TTGAQCGTOG AUTITIUIUA, 'lUL'lUilCAG 1800 
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GQaaaogaG ooaroavAft, AMGoeaGca, mmir Tna uuji'ic 1850 

CT33GCTTIT GL!lUJULJiTr TGCTD03G TlimULilG OaiUKimr 1900 

"^^ticigig (aaaacasm Troojgocrr TCgmaocr Gaaacmnc isso 

AAGGACCGAG OQCAGOGAGT CAGIGAQOGA QGAAGOQGAA 2000 

GaocoaacftA, raoGCAAAoc oaciciajuc: aumriULU aamcKnR. 2050 

^iqcrgciqs caaGAOGGr TiacmoG gbmgcb33c agdgagogca. 2100 

^Q^ATIM -xyjudBuriaG CTCBCTCMT AGXAOOQCA. ULIJTlTftCAC 2150 

tteaigcfic GGoijmcAT ai'iuiiiLuuA. M ' lmufl Gas QflftftCAKrr 2200 

rcacfteaoGa. aacrgctkbg A am u mm qgaattogag eroaagm: 2250 

Q333aroCIC TAG^GTOGAC CTGCAQQCAT QCMGCTIGC AIUGL'IUUAG 2300 

GKXSftoaciC GOGOGACTIG GrnOOCKIT dTEAGCOOG 2350 

cacfiGcnaG ocacaMDGiG GrrmuiLA. AAaaAGOT ctmgaogig 2400 

Tro^AAGTIT AGG1UGAGIA AAQCGGAAKT ClTl ' m^ RC OCIAGAAAGA 2450 

'D^glClGCCT AAAATIGAQ3 Q ilULm'lUl ' TGAAATATIG ClCiUlUi'lT 2500 

cnx&iBGQG ogratccgic ocronrMT qaosacMCT casraGOOQC 2550 

■nosaacioc OGnaGaasr ultiuiuaat goqgimgig ncpcnxsarn: 2600 

"IGAACEKI&A. QGAQOGOGIG AGICAAAATC AOGCZflGKET AiCi'lTi!AOG 2650 

IXaflOlTl'UftA. GAXFIBZOC AQ2GGATAAT ISUuKI'lUi'iA TllCALJXiL'JLC 2700 

"racisaQGiG msaacttmit imaKPOKr ti ' iutiul ' ja tbgkbctogt 2750 

GAC'jjAATwra TAATAAAATH GGTOGnCIT TRGftGGMDGBi GGKU^DOCTC 2800 

^gDG OLTlU TOCAAAQOGA TGAQGAQCTT GTIGSIGft QG ai'lUlUACRG 2850 

^LtaA&ATftTPA GMICAGlIIIAA. GBGA AGK IGA QGTOCAGBGC GATACAGAAG 2900 

AAQaaiTiaa? AGKIGAG3IA. CATGAAGTGC AQCEAAOGIC AAGOQ33M3T 2950 

GaA^\[BKnsy3 AOGAACAAAA 'lUi'EAIi'lGAA. CAACEAQGET CTICATIQ3C 3000 

TlLu&ACAGA. AiUi'lGAGCT 1Q0CACAGAG f? V J KHfflGA GGEAAGAA3A 3050 

AACSaiGTTG GTCAACTICA. AAGTOCACGa. (JQCGiaoaOG AGiL'lL'lUCA 3100 

CKS^CKTIG TCAGBTCKE AGCTCAAGCT TOSAATICIG CAGIXI3>CQ3 3150 

mXXXmcr 'lOK G CaJGA ACQCAGOGAC i^SATIOCA. AimUi aGT 3200 

^rcirccRGG errrroooCT tcagtiocag aggaagogac tqsogateos 3250 

OGIC5lGQ33r CIQCTIC2Q3 GTCTIGIGAA TM30GO3CG CAGKK3GO0G 3300 

^SaQCBIGG GGOOGGftGGS CROCTICaOC TIOaOSraGS GCTIGCTSIT 3350 

CTICXXJ jri U AAA A1 UIOA G U mmTlT ULTI'IULGI G OQCT3X3CRAT 3400 

CAXJEACiGIC CAAAATDGAA AA3CQ00GAA OOSrAGIGIG AOJU1U03GG 3450 

Q^ICnQGGAA. AA3AAACTIT TTIBQGIBlIA TGQGCACACA OQQGGAAAGC 3500 

ACAGlQGATr ATAIGI'ITJA AIATIKIAAT ATOCAQGTIT TCATIACnA 3550 

AQOOCACrm AAGCGATITA. ACAATBSnT GGOGAAAGAG 3600 
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* I &AAAACAAA. TTICaCITftA. AAATOGKrEA AGAAAAQC1T 3650 

AaooocaQaG tugccksoa gwumtia AAACAcneA AftaacMsmA. 3700 

GTTrnaAAA TAE^CAm AAE^^GIC (Ji'lUUGGCAA OGCTCMQC 3750 

•^Kjocttt taaaacaccc titaccieca cMs&rnc? tjlti&aatit 3800 

°C£GICAEGC TQOGBGTTIC AAAKTIKIW3 GCQGQSGAGA AGftCAGaOGCT 3850 

AlTKaftAfiG CAAACTftAAT iWODCMT OOAACftftGC Ci'lGGAdTT 3900 

<I<3 l5W3rm. GAICAAAGGT GGCAIIGCAT TCAA3GICAT QKEAAGAAGT 3950 

^GGlOSICm QGnCAGAAATC CICATIC2GC CQGflCAMIEC AGI£OG2GAA 4000 

^GTCDZAAT TTGAAATK3T CmAAAAOA. TITim'lUiT TIGTACIGIG 4050 

GI1 ^GITEAA AOGAAAAACA CAAAAAAAAA GK3Zm3£A GAAMOffiAA 4100 

MAAJTIT&A TAGAAGGIET lU jl AGGIAT CAAAAACATT TOGQCACAAT 4150 

^iTrmuit: tcboaaag tgtirggaac Adscosnsr ttiteagega 4200 

TTTiCRftOgS ACAQOGAAQa TAJ&EftAACA umriOjOGA AQQGIQ30CT 4250 

T^AAAOCAA TIGACATTIG C2GC2GCA2G TACAAQCSGA A^GIAAAGQG 4300 

C^ATCAGCGA AAAATTIKEA CTmATlUlT Q3IGATIAAA GIACAATEAA 4350 

^^AACATIC TOGAAAGICA CAAGAAACGT AAGTrnTAA ClUUL'lUi'lA 4400 

°C2^ATIAGIA AOaAGAGCAA CA&aCGTIG AGmATTICA AGAAAAACIG 4450 

Q^ticaagg ' luiTHii ' im ojim ' mTr ' rmm'ujft a. oGCTeaacsr 4500 

^TECAAAA TAAGAAAIIG GCaGCCACGC AHJi'lUlTlT CCCAA1CAAT 4550 

<I ' 3 QCAICAAA AOGCAAACAA ATCIKmAAT AAAACTIQOG IGITCMETTT 4600 

°30CAAGAIT I^TTOQCAAA T1U1GAAA1T O3IAGIGA0G CA1T1LJAAAA 4650 

^PQGfiGftAAT CAOGAAOGCA. CTOGAGCA3T TSB3IQCATC TiM'ilAUl'lA 4700 

OTTaGnCTr TGCmATIG AA CJimTim CCAACGAAAT (XACiWlT 4750 

T E&GCIGAAA TAG&3IAQ3T TGCTIGAAAC GRAAGlOOS 'lUlGGAAAAT 4800 

TJX^l'JM'lUU TraGE^GTIG TGAOGECROC A0MIM3OC AAAA3AAIGT 4850 

^C^TQCKIQC GITICAQCIG TGIAIKIEIEA C3CKX20CA. C3U3CKITAT 4900 

g^aaacgaig acgagcaacg GAAcaGsnr ctcaaceo: Trrorrocrs 4950 

Tr TJCTTOGCT T1UU1T1G IT CCAAlRTieG IRGflGGSTm mUUUb?l'lT 5000 

CIX CAACAAAG TD3GGSia3V TAAAIAAGIT TOOCKnTTT ATIQOQCftGC 5050 

Q^Sg^GITA. GITICAAJAG TmUlSft flTT TCAAOGftftAC 'lCftlTlUATT 5100 

* I QC3iaCiaAT TITOCACATC TCIATITIGA COOQCAGRKr AKTOCAAAAT 5150 

QC&GATOQQG GMDXAOOC CACCCAAGAA GAAGCGCAAG GIGGAGGACG 5200 

TmCAACGT 03IGACIQSG AAAACCCIGG CGTIACCCAA 5250 

Crr laAT0GOC TIGCAGCACA igjUUL Tl ' l U QOCADCIQQC GIMECGa 5300 

^SOQOCOGC ACCGATOGCC CTICCCAACA GTIGCQGK3G ACTGTAGAGG 5350 

^XXDGQGGA. H0CACQ3GIC GCCACCA3GG TGAGCAAQ33 0GBGGM3CIG 5400 
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TKaODGGa S TO GT UUOflr OaUilCGfl G CIGGMQQOG AXSMftOGG 5450 

ccaq^ctic AxnrorooG gcgagggoga. ouuugaigoc KuaoGQCft. 5500 

MOQarr gmgitcmc tqcbocacqg Gcaftxrocc cjuiujul'ius 5550 

OOCSODCIKB T3O0QCT GmaOQQC GDQCWSIGCr HaQQOaCIA 5600 

OCrOGBOCftC AreAB3CAQC flDGS LTlUJlT C3»GIDGQ0C MQGOOGAAG 5650 

QCTBqgroca. GGftQOGcaoc mltici ' i ca a gg a qg a ogg cmjms&G 5700 

AO0GQ0Q00G AOGIGAAGIT GGAGQQ0GAC AGQCTGGIGA ACOQCKD0GA 5750 

QCICS^GGQC AKI^CriCA 2GGAG3A033 CAACKiaCTO G33CACAAGC 5800 

TGG^GIACAA CEACAACAQC CACAACGTCr AOBWimUGC: QGACAAGCAG 5850 

AAGAAOQQCA TCAAGGIGAA CTICAMSTC CQ0C2O&CA TOGAGGACGG 5900 

CAQQC3IGC2G CTOGGCiaOC AOm3GCA GAACaGOCDC MD3GCGAOS 5950 

ooooa-rocr GcnoaoaGAC aaogacisoc tcpgcecoca gioogooctc 6000 

AQCAAfiGAGC GCAAGGAGAA GaGOGKDCftC ALLULJIUL'JLUC 7GGAGTIDGT 6050 

GACQQ00Q0C GUGMCAC1C TOGGGKIGGA CJGALL.'lUi»C ASGEAAAGOG 6100 

QOOOOGSCIC T3¥3ATCKIfcA TCAGOCKraC OOJEPIGaA GAGGTrnaC 6150 

TiQcrrmAA. aaacctooca eao c rooox tgaagcigaa azke?^aaaiig 6200 

AAIC3CAATIG TlUi'l!UrJ3ft & Cl ' lUlTJff flT GCAGCT13¥EA JfflGSnBCBR. 6250 

AUBAAGCAKr AGCATCACAA TAAfiGCHEIT T1T1CACTGC 6300 

^nc n^riG TOsrrroroc aaacickica. AiuimuriA AGGa3iBA«r 6350 

TSB^QOGiT Afla ai ' lTiUL ' TS^ftAftTTOGC GTIRAATnT TGTIAAKICA 6400 

GCIC3mTJ.T TAAOCAATOG GQ0GAAATO3 GCAAAATOOC TIKmAMICA 6450 

AAAGftAOWSA. CGGAGATAGG GTEGJOGrTT GITXAGTTT GGAACAAGAG 6500 

^CWm ASGAAQGIGG ACICCAAaGr CAAAGGGOGA AAAA QOGICT 6550 

£ra*3333GA T33Q0CACTA Q3IGAA0CAT OOXIAATC AaLLLTlTl'IG 6600 

QQGaXEBGGT QCDGTAAAGC ACI3\AATOQG AAOOCXAAAG GGAGO00O0G 6650 

^TTiaGfiGCT TGACGGGGAA AQQ0QGQGAA OGIQQOGAGA AAGGAAQQGA 6700 

AGAftftQciSVA A3GW30GGQC GCTAQQG0QC "XGQCAAGIGT AQ0QGIC3*OG 6750 

CT3QGOGIAA 0C3OZACA0C OGQDGOQCTr AATGGQGOGC TACAGGGOGC 6800 

QTOQGTGGC A LTITIU GGG GAAATCIG0G CG5AAQOOCT AiTlUlTliflg 6850 

Trncrgwfl? acaticaaat AiuimcGGC tckegagaqv. AoaAeaciGA 6900 

*EAA££iGCITC AKmAOKriG AAAAAGGAAG AOLUJIUAGG GGGAAAGAAC 6950 

CAGCTTGIGGA ATCIGTGICA GnfcGGGTGT GGAAAGIOOC CaGGCTGOOC 7000 

3QC2VGGCAGA AGIKDGCAAA GCKJJUJA1CT OATIAGTCA QCAAOCAGGT 7050 

GTOQAAAGIC OaZAQGCTOC raGCAGGCA GAAGIKIGCA AAGCATGCAT 7100 

CTC^ftTIAGT CAGCAAOCKr AGE000Q00C CT2VACIO0QC GCATQ00GGC 7150 

CCF&PCTCCG CCCAGTiaOG CUL m 'lUlUJ G000CATQQC TGACIAATIT 7200 
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TITlTsaTm TQCB3RQQ0C GAGXCGOCT GQQOCTCIGA OJm'lUCAG 7250 

aag©gigag GB GGcrrrrr tgv3G3aacc ArasrooGBA oosroaGKie 7300 

AMQ^AMQC Gfififla033G ABGISOG&A AAACAGIG3C TOZAG30CAG 7350 

T333ys£K£C GKEQnTEST T11UACQGAC 00CTEOCT 03ICICAl&r 7400 

AftftQOGMQC CAGCEAACaT GGEOacm. TJKLtKLUiT GIGAIGAGGA. 7450 

•TOC^TlCIKrC AAOGAAAGEA. CLUJI'AAftOC QCAAASGGIT AiUim-i^IA 7500 

aTC&ftACEAA AGQQQGAGIG GRCaOQCiaG aOCBAEKJIG TICIGKMG 7550 

AociocaGm QGafiGftosftA mjuiuoxr aaoacAiiKr tci&cqgaat 7600 

GA3&AACMT QCCT G CK IAA M'JLUITJL'lJAT TAEAEBOQC CAaAATOTCA 7650 
GIAQCAAQ9G AGAfiAAQGIC CAAAGI03CA. AAAAATTIAT ©GAAAOCIT 7700 

TRcaaxaGoe TGaaacaac uiTimucm AftocxsrnaG aaoCTcraac 7750 

TnX5^£3£5l T aiTlGGQ JS AIAAIATCIC •EA&EA2TTIG CEAAA3GASG 7800 

iQOciasiac jfloaaiac ageack»ag aaoCTGmar gaaaaaaogt 7850 

ACri30GIA CnSOOXE CTCEAAAAOA AQ30GAAAQ3 CAAAIGCATC 7900 
GIQCAAAAAA. TOCAAAAAAG T1K1T1GID 3 M3GKEKEGT 7950 

Q3C3^M3TIG TTXCT3ACEG ACEAAIEAAGr AQBAXFIUrr lUlMTAllUr 8000 

AmftGTiftftG crAKnacrr imnaaaKP ioacKnac aurrrriittAA 8050 
gsvcAAAam a aiTmi ' iTr TGEAAAAtaG AgaiGrrrA. aazotitict sloo 
TacrriKiMS aagaaajtit g^nrrror irrrrrrDA taaataaaia. aiso 

AAQ^aaAATA AATTCTTIGr TG&AlTJLTALLT ATIBGIKIGr AAGIGEAAAT 8200 

AE&ftOaAAAC TI&KIKICm TICAAAIEAA. TAAAIAAACC TOGATAIACA 8250 

GAOOcSflCRAA ACACAaXSOGT CAATinSCG OmSATIftTC Tng^AOJCAC 8300 

GTC^CAAIAT G KI'jmUl'lT CIAG3GTIAA. AaaKffiGTTr OMiTrixi 1 8350 

TO3?l3aTCAG UL'IGL'IUIOG TGAATOOOGT AflKTCTCAAC GCTGEDCTSDS 8400 

-AS^arniDosr a iilta qcct Trrrzorrrr iujjicatog actigkcatt 8450 

GIOOSOCA TTTiaSIOS^ Tl'lULULTrr Om^AMSC TIGAGCMSG 8500 

JO^OsrEAAT CAAsCTCTICA. A KI ' HaKiU CA TKnftftCGKT ATCAAlJuaA 8550 

IGOQlKraaG GIQ3GIAAAA TKrA lTlTlT AAULL'lLTilA. TaCiTlO^C 8600 

1^X3JSnaA. TALUJUl'lULi TOEftCaGaOS TAATCATGIT TlUI TriTiC 8650 

<303^AMOC ClaCKSGIT IGAOOOflA TIAGAUJUlC ACAAGTIOZA. 8700 

AAftQjIQQCA TITTITAOCA A3GA&3AATT TAAAGTEATr TIAAAAAATT 8750 

TCAOXaCAGA TIIAAAGAAG AACCAAAAAT TAAATEATIT CAACALJl'im 8800 

aTOGACCAGT TAAICAAOCT GEACACAGAC QCX5ICG3CAA, AAAACA03CA 8850 

GOOOGACGIG T1QQC33&AA TIATEAAATC AALTIUIUIT A3 &5TCAQ GG 8900 

aTlTlQoOGIC eAA UGlUriU CK2AAAAGT TGAAGAGCAA CMGTTIAGG 8950 

Gftcacmrm ateattigat ttigooocw: ticatttigt gggatcacaa. 9000 
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TimoTEKIA TTTI3VAZO& N3CTJS333C TQQCnUDGT TnSOAOGT 9050 

0QK3OG3G &RABGQCT9S (DGTIfiOOCftfi. CTmfflCGOC TKraGC3£3V 9100 

ICXXXXTITC GCXSQCTaGC GB&n2Q33k UjM33CCC3Z J QISMIOG OC 9150 

CTKJXMCA GTIQ33C2GC CDS^KTg3JG A?flQ3CX3CCT g^K33QGIKr 9200 

Tl^EciCCTm a3CKICK3DS aUEKlTlCA. CaCXJQCSaKr GSIGCaCLUl' 9250 

Q^SnO^MC TOCICTGKIG 03X30300? CGRCRLU-XjC 9300 

c&acwxoQC TCaaxxxxx TCraoacar uiuill.'iox qgc z^ujjct 9350 

TftQG&CMG CIGIGACOCT CICDQQ3B3C TQCSflBTSrC HSGBTTSHC 



9400 



ACXXSiOaCA. (XGaAACGOG CCA 9423 
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SEQUENCE LISTING 



<110> Handler, Alfred N. 

<120> PiggyBac Transformation System 

<130> 0194.98 

<140> 
<141> 

<160> 14 

<170> Patentln Ver. 2.0 - beta 

<210> 1 
<211> 4 
<212> DNA 

<213> Trichoplusia ni 
<400> 1 

ttaa 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 2 

tcttgacctt gccacagagg 



<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 3 

tgacacttac cgcattgaca 



<210> 4 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
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<400> 4 

gtcagtccag aaacaacttt ggc 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; primer 
<400> 5 

cctcgatata cagaccgata aaaacacatg 

<210> S 
<211> 9423 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial 

Sequence :pB [FTJb-nls-BGFP] #257 



<400> 6 










gacgaaaggg 


cctcgtgata 


cgcctatttt 


tataggttaa tgtcatgata ataatggttt 


60 


cttagacgtc 


aggtggcact 


fctfccggggaa 


atgtgcgcgg aacccctatt tgtttatttt 


120 


tctaaataca 


ttcaaatatg 


tatccgctca 


tgagacaata accctgataa atgcttcaat 


180 


aatattgaaa 


aaggaagagt 


atgagtattc 


aacatttccg tgtcgccctt attccctttt 


240 


ttgcggcatt 


ttgccttcct 


gtttttgctc 


acccagaaac gctggtgaaa gtaaaagatg 


300 


ctgaagatca 


gttgggtgca 


cgagtgggtt 


acatcgaact ggatctcaac agcggtaaga 


360 


tccttgagag 


ttttcgcccc 


gaagaacgtt 


ttccaatgat gagcactttt aaagttctgc 


420 


tatgtggcgc 


ggtattatcc 


cgtattgacg 


ccgggcaaga gcaactcggt cgccgcatac 


480 


actattctca 


gaatgacttg 


gttgagtact 


caccagtcac agaaaagcat cttacggatg 


540 


gcatgacagt 


aagagaatta 


tgcagtgctg 


ccataaccat gagtgataac actgcggcca 


600 


acttacttct 


gacaacgatc 


ggaggaccga 


aggagctaac cgcttttttg cacaacatgg 


660 


gggatcatgt 


aactcgcctt 


gatcgttggg 


aaccggagct gaatgaagcc ataccaaacg 


720 


acgagcgtga 


caccacgatg 


cctgtagcaa 


tggcaacaac gttgcgcaaa ctattaactg 


780 


gcgaactact 


tactctagct 


tcccggcaac 


aattaataga ctggatggag gcggataaag 


840 


ttgcaggacc 


acttctgcgc 


tcggcccttc 


cggctggctg gtttattgct gataaatctg 


900 


gagccggtga 


gcgtgggtct 


cgcggtatca 


ttgcagcact ggggccagat ggtaagccct 


960 
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cccgtatcgt 


agttatctac 


acgacgggga 


gtcaggcaac 


tatggatgaa 


cgaaatagac 


1020 


agatcgctga 


gataggtgcc 


t cacfcgat t a 


agcattggta 


actgtcagac 


caagtttact 


1080 


catatatact 


ttagattgat 


ttaaaacttc 


atttttaatt 


taaaaggatc 


taggtgaaga 


1140 


tcctttttga 


taatctcatg 


accaaaatcc 


cttaacgtga 


gttttcgttc 


cactgagcgt 


1200 


cagaccccgt 


agaaaagatc 


aaaggatctt 


cttgagatcc 


tttttttctg 


cgcgtaatct 


1260 


gctgcttgca 




ccaccgctac 


cagcggtggt 


ttgtttgccg 


gatcaagagc 


1320 


taccaactct 


ttttccgaag 


gtaactggct 


tcagcagagc 


gcagatacca 


aatactgtcc 


1380 


ttctagtgta 


yccy Lagfcta 


ggccaccact 


tcaagaactc 


tgtagcaccg 


cctacatacc 


1440 


tcgctctgct 


aatcctgtta 


ccag bggc Lg 


ctgccagtgg 


cgataagtcg 


tgtcttaccg 


1500 


y y ttggacfcc 


aagacgatag 


ttaccggata 


aggcgcagcg 


gtcggycLga 


acgggyygtt 


1560 


cgtgcacaca 


gcccagcttg 


gagcgaacga 


cctacaccga 


actgagatac 


ctacagcgtg 


1620 


agcattgaga 


aagcgccacg 


cttcccgaag 


ggagaaaggc 


ggacaggtat 


ccggtaagcg 


1680 


gcagggtcgg 


aacaggagag 


cgcacgaggg 


agcttccagg 


gggaaacgcc 


tggtatcttt 


1740 


atagtcctgt 


cgggtttcgc 


cacctctgac 


ttgagcgtcg 


atttttgtga 


tgctcgtcag 


1800 


gggggcggag 


cctatggaaa 


aacgccagca 


acycyycctt 


tttacggttc 


ctggcctttt 


1860 


gcLyycctfct 


tgctcacatg 


ttctttcctg 


cgttatcccc 


tgattctgtg 


gataaccgta 


1920 


ttaccgcctt 


tgagtgagct 


gataccgctc 


gccgcagccg 


aacgaccgag 


cgcagcgagt 


1980 


cagtgagcga 


ggaagcggaa 


gagcgcccaa 


tacgcaaacc 


gcctctcccc 


gcgcgttggc 


2040 


cgattcatta 


atgcagctgg 


cacgacaggt 


ttcccgactg 


gaaagcgggc 


agtgagcgca 


2100 


acgcaattaa 


tgtgagttag 


ctcactcatt 


aggcacccca 


ggctttacac 


tttatgcttc 


2160 


cyyctcgtat 


gt tgt g t gga 


attgtgagcg 


gataacaatt 


tcacacagga 


aacagctatg 


2220 


accatgatta 


cgaattcgag 


ctcggtaccc 


ggggatcctc 


tagagtcgac 


crtgcaggcat 


2280 


gcaagcttgc 


atgcctgcag 


gtcgacgcfcc 


gcgcgacttg 


gtttgccatt 


ctttagcgcg 


2340 


cgtcgcgtca 


cacagcttgg 


ccacaatgtg 


gtttttgtca 


aacgaagatt 


ctatgacgtg 


2400 


tttaaagttt 


aggtcgagta 


aagcgcaaat 


cttttttaac 


cctagaaaga 


tagtctgcgt 


2460 


aaaattgacg 


catgcattct 


tgaaatattg 


ctctctcttt 


ctaaatagcg 


cgaatccgtc 


2520 


gctgtgcatt 


taggacatct 


cagtcgccgc 


ttggagctcc 


cgtgaggcgt 


gcttgtcaat 


2580 


gcggtaagtg 


tcactgattt 


tgaactataa 


cgaccgcgtg 


agtcaaaatg 


acgcatgatt 


2640 


atcttttacg 


tgacttttaa 


gatttaactc 


atacgataat 


tatattgtta 


tttcatgttc 


2700 
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tacttacgtg ataacttatt atatatatat tttcttgtta tagatatcgt gactaatata 2760 
taataaaatg ggtagttctt tagacgatga gcatatcctc tctgctcttc tgcaaagcga 2820 
tgacgagctt gttggtgagg attctgacag tgaaatatca gatcacgtaa gtgaagatga 2880 
cgtccagagc gatacagaag aagcgtttat agatgaggta catgaagtgc agccaacgtc 2940 
aagcggtagt gaaatattag acgaacaaaa tgttattgaa caaccaggtt cttcattggc 3000 
fctctaacaga atcttgacct tgccacagag gactattaga ggtaagaata aacattgttg 3060 
gtcaacttca aagtccacga ggcgtagccg agtctctgca ctgaacattg tcagatctcg 3120 
agctcaagct tcgaattctg cagtcgacgg tacccgatct tgtcgccgga acgcagcgac 3180 
agagattcca atgtgtccgt atctttcagg cttttgccct tcagttccag acgaagcgac 3240 
tggcgattcg cgtgtggggt ctgcttcagg gtcttgtgaa ttagggcgcg cagatcgccg 3300 
atgggcgtgg cgccggaggg caccttcacc ttgccgtacg gcttgctgtt cttcgcgttc 3360 
aaaatctcca gctccatttt gctttcggtg cgcttgcaat cagtactgtc caaaatcgaa 3420 
aatcgccgaa ccgtagtgtg accgtgcggg gctctgcgaa aataaacttt tttaggtata 3480 
tggccacaca cggggaaagc acagtggatt atatgtttta atattataat atgcaggttt 3540 
tcattactta tccagatgta agcccactta aagcgattta acaattattt gccgaaagag 3600 
taaaaacaaa tttcacttaa aaatggatta agaaaagctt gtgtaagatt atgcgcagcg 3660 
ttgccagata gctccattta aaacacttca aaaacaataa gttttgaaaa tatatacata 3720 
aatagcagtc gttgccgcaa cgctcaacac atcacacttt taaaacaccc tttacctaca 3780 
cagaattact ttttaaattt ccagtcaagc tgcgagtttc aaaattatag ccggtagaga 3840 
agacagtgct atttcaaaag caaactaaat aaacaccaat cctaacaagc cttggacttt 3900 
tgtaagttta gatcaaaggt ggcattgcat tcaatgtcat ggtaagaagt aggtcgtcta 3960 
ggtagaaatc c t cat t cage eggtcaagtc agtacgagaa aggtctcaat ttgaaattgt 4020 
cttaaaaata ttttattgtt ttgtactgtg gtgagtttaa acgaaaaaca caaaaaaaaa 4080 
gtgatacaca gaaatcataa aaaattttaa tacaaggtat tegtaegtat caaaaacatt 4140 
teggcacaat tttttttctc tgtactaaag tgttacgaac actaeggtat tttttagtga 4200 
ttttcaaegg acaccgaagg tatataaaca gcgttcgcga acggtcgcct tcaaaaccaa 4260 
ttgacatttg cagcagcaag tacaagcaga aagtaaagcg caatcagega aaaatttata 4320 
cttaattgtt ggtgattaaa gtacaattaa aagaacattc tcgaaagtca caagaaacgt 4380 
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aagtttttaa ctcgctgtta ccaattagta ataagagcaa caagacgttg agtaatttca 4440 
agaaaaactg catttcaagg tctttgttcg gccatttttt ttttattcaa cgctctacgt 4500 
aattacaaaa taagaaattg gcagccacgc atcttgtttt cccaatcaat tggcatcaaa 4560 
acgcaaacaa atctataaat aaaacttgcg tgttgatttt cgccaagatt tattggcaaa 4620 
ttgtgaaatt cgcagtgacg catttgaaaa ttcgagaaat cacgaacgca ctcgagcatt 4680 
tgtgtgcatg ttattagtta gttagttctt tgcttaattg aagtatttta ccaacgaaat 4740 
ccacttattt ttagctgaaa tagagtaggt tgcttgaaac gaaagccacg tc t g g aaaat 4800 
ttcttattgc ttagtagttg tgacgtcacc atatacacac aaaataatgt gtatgcatgc 4860 
gtttcagctg tgtatatata catgcacaca ctcgcattat gaaaacgatg acgagcaacg 4920 
gaacaggttt ctcaactacc tttgttcctg tttcttcgct ttcctttgtt ccaatattcg 4980 
tagagggtta ataggggttt ctcaacaaag ttggcgtcga taaataagtt tcccattttt 5040 
attccccagc caggaagtta gtttcaatag ttttgtaatt tcaacgaaac tcatttgatt 5100 
tcgtactaat tttccacatc tctattttga cccgcagaat aatccaaaat gcagatcggg 5160 
gatcccaccc cacccaagaa gaagcgcaag gtggaggacg atcccgtcgt tttacaacgt 5220 
cgtgactggg aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca tccccctttc 5280 
gccagctggc gtaatagcga agaggcccgc accgatcgcc cttcccaaca gttgcggtcg 5340 
actctagagg atccccggga tccaccggtc gccaccatgg tgagcaaggg cgaggagctg 5400 
ttcaccgggg tggtgcccat cctggtcgag ctggacggcg acgtaaacgg ccacaagttc 5460 
agcgtgtccg gcgagggcga gggcgatgcc acctacggca agctgaccct gaagttcatc 5520 
tgcaccaccg gcaagctgcc cgtgccctgg cccaccctcg tgaccaccct gacctacggc 5580 
gtgcagtgct tcagccgcta ccccgaccac atgaagcagc acgacttctt caagtccgcc 5640 
atgcccgaag gctacgtcca ggagcgcacc atcttcttca aggacgacgg caactacaag 5700 
acccgcgccg aggtgaagtt cgagggcgac accctggtga accgcatcga gctgaagggc 5760 
atcgacttca aggaggacgg caacatcctg gggcacaagc tggagtacaa ctacaacagc 5820 
cacaacgtct atatcatggc cgacaagcag aagaacggca tcaaggtgaa cttcaagatc 5880 
cgccacaaca tcgaggacgg cagcgtgcag ctcgccgacc actaccagca gaacaccccc 5940 
atcggcgacg gccccgtgct gctgcccgac aaccactacc tgagcaccca gtccgccctg 6000 
agcaaagacc ccaacgagaa gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc 6060 
gggatcactc tcggcatgga cgagctgtac aagtaaagcg gccgcgactc tagatcataa 6120 



5 



WO 01/14537 PCT/US00/22433 



tcagccatac 


cacatttgta 


gaggttttac 


ttgctttaaa 


aaacctccca 


cacctccccc 


6180 


tgaacctgaa 


acataaaatg 


aatgcaattg 


ttgttgttaa 


cttgtttatt 


gcagcttata 


6240 


atggttacaa 


ataaagcaat 


agcatcacaa 


atttcacaaa 


taaagcattt 


ttttcactgc 


6300 


attctagttg 


tggtttgtcc 


aaactcatca 


atgtatctta 


aggcgtaaat 


tgtaagcgtt 


6360 


aatattttgt 


taaaattcgc 


gttaaatttt 


tgttaaatca 


gctcattttt 


taaccaatag 


6420 


gccgaaatcg 


gcaaaatccc 


ttataaatca 


aaagaataga 


ccgagatagg 


gttgagtgtt 


6480 


gttccagttt 


ggaacaagag 


tccactatta 


aagaacgtgg 


actccaacgt 


caaagggcga 


6540 


aaaaccgtct 


atcagggcga 


tggcccacta 


cgtgaaccat 


caccctaatc 


aagttttttg 


6600 


gggtcgaggt 


gccgtaaagc 


actaaafccgg 


aaccctaaag 


ggagcccccg 


atttagagct 


6660 


tgacggggaa 


agccggogaa 


cgtggcgaga 


aaggaaggga 


agaaagcgaa 


aggagcgggc 


6720 


gctagggcgc 


tggcaagtgt 


agcggtcacg 


ctgcgcgtaa 


ccaccacacc 


cgccgcgctt 


6780 


aatgcgccgc 


tacagggcgc 


gtcaggtggc 


acttttcggg 


gaaatgtgcg 


cggaacccct 


6840 


atttgtttat 


ttttctaaat 


acattcaaat 


atgtatccgc 


tcatgagaca 


ataaccctga 


6900 


taaatgcttc 


aataatattg 


aaaaaggaag 


agtcctgagg 


cggaaagaac 


cagctgtgga 


6960 


atgtgtgtca 


gttagggtgt 


ggaaagtccc 


caggctcccc 


agcaggcaga 


agtatgcaaa 


7020 


gcatgcatct 


caattagtca 


gcaaccaggt 


gtggaaagtc 


cccaggctcc 


ccagcaggca 


7080 


gaagtatgca 


aagcatgcat 


ctcaattagt 


cagcaaccat 


agtcccgccc 


ctaactccgc 


7140 


ccatcccgcc 


ccfcaactccg 


cccagttccg 


cccattctcc 


gccccatggc 


tgactaattt 


7200 


tttttattta 


tgcagaggcc 


gaggccgcct 


cggcctctga 


gctattccag 


aagtagtgag 


7260 


gaggcttttt 


tggaggaacc 


attgtgggaa 


ccg Lgcgat c 


aaacaaacgc 


gagataccgg 


7320 


aagtactgaa 


aaacagtcgc 


tccaggccag 


tgggaacatc 


gatgttttgt 


tttgacggac 


7380 


cccttactct 


cgtctcatat 


aaaccgaagc 


cagctaagat 


ggtatactta 


ttatcatctt 


7440 


gtgatgagga 


tgcttctatc 


aacgaaagta 


ccggtaaacc 


gcaaatggtt 


atgtattata 


7500 


atcaaactaa 


aocrcQQacrtiQ' 


gacacgctag 


accaaatgtg 


ttctotaatcr 


acctgcagta 


7560 


ggaagacgaa 


taggtggcct 


atggcattat 


tgtacggaat 


gataaacatt 


gcctgcataa 


7620 


attcttttat 


tatatacagc 


cataatgtca 


gtagcaaggg 


agaaaaggtc 


caaagtcgca 


7680 


aaaaatttat 


gagaaacctt 


tacatgagcc 


tgacgtcatc 


gtttatgcgt 


aagcgtttag 


7740 


aagctcctac 


tttgaagaga 


tatttgcgcg 


ataatatctc 


taatattttg 


ccaaatgaag 


7800 
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tgcctggtac atcagatgac agtactgaag agccagtaat gaaaaaacgt acttactgta 7860 
cttactgccc ctctaaaata aggcgaaagg caaatgcatc gtgcaaaaaa tgcaaaaaag 7920 
ttatttgtcg agagcataat attgatatgt gccaaagttg tttctgactg actaataagt 7980 
ataatttgtt tctattatgt ataagttaag ctaattactt attttataat acaacatgac 8040 
tgtttttaaa gtacaaaata agtttatttt tgtaaaagag agaatgttta aaagttttgt 8100 
tactttatag aagaaatttt gagtttttgt ttttttttaa taaataaata aacataaata 8160 
aattgtttgt tgaatttatt attagtatgt aagtgtaaat ataataaaac ttaatatcta 8220 
ttcaaattaa taaataaacc tcgatataca gaccgataaa acacatgcgt caattttacg 8280 
catgattatc tttaacgtac gtcacaatat gattatcttt ctagggttaa ataatagttt 8340 
ctaatttttt tattattcag cctgctgtcg tgaataccgt atatctcaac gctgtctgtg 8400 
agattgtcgt attctagcct ttttagtttt tcgctcatcg acttgatatt gtccgacaca 8460 
ttttcgtcga tttgcgtttt gatcaaagac ttgagcagag acacgttaat caactgttca 8520 
aattgatcca tattaacgat atcaacccga tgcgtatatg gtgcgtaaaa tatatttttt 8580 
aaccctctta tactttgcac tctgcgttaa tacgcgttcg tgtacagacg taatcatgtt 8640 
ttcttttttg gataaaactc ctactgagtt tgacctcata ttagaccctc acaagttgca 8700 
aaacgtggca ttttttacca atgaagaatt taaagttatt ttaaaaaatt tcatcacaga 8760 
tttaaagaag aaccaaaaat taaattattt caacagttta atcgaccagt taatcaacgt 8820 
gtacacagac gcgtcggcaa aaaacacgca gcccgacgtg ttggctaaaa ttattaaatc 8880 
aacttgtgtt atagtcacgg atttgccgtc caacgtgttc ctcaaaaagt tgaagaccaa 8940 
caagtttacg gacactatta attatttgat tttgccccac ttcattttgt gggatcacaa 9000 
ttttgttata ttttaaacaa agcttggcac tggccgtcgt tttacaacgt cgtgactggg 9060 
aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca tccccctttc gccagctggc 9120 
gtaatagcga agaggcccgc accgatcgcc cttcccaaca gttgcgcagc ctgaatggcg 9180 
aatggcgcct gatgcggtat tttctcctta cgcatctgtg cggtatttca caccgcatat 9240 
ggtgcactct cagtacaatc tgctctgatg ccgcatagtt aagccagccc cgacacccgc 9300 
caacacccgc tgacgcgccc tgacgggctt gtctgctccc ggcatccgct tacagacaag 9360 
ctgtgaccgt ctccgggagc tgcatgtgtc agaggttttc accgtcatca ccgaaacgcg 9420 

9423 
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<210> 7 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :p3 El. 2 
<400> 7 

aagcgcaaat cttttttaa 



<210> 8 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :p3El. 2 
<400> 8 

ttaaataata gtttctaat 



<210> 9 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pl-2 
<400> 9 

aaaaagactg actatttaa 



<210> 10 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Fl-2 
<400> 10 

ttaataagca cactgagtc 

<210> 11 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Ml 7 -4 
<400> 11 



8 



WO 01/14537 PCTAJS00O2433 



aaaatgtcgt ctaggttaa 

<210> 12 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :M17- 4 
<400> 12 

ttaaagccgt atatcagat 

<210> 13 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :M3 1-6 
<400> 13 

aaatgaacga cttttttaa 

<210> 14 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenced 1-6 
<400> 14 

ttaatggttt tttagttgt 



19 
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